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graft that has a ?rst end that is siZed and con?gured to couple 
to a non-primary blood vessel and a second end that is ?uidly 
coupled to a pump to conduct blood between the pump and 
the non-primary blood vessel. An out?ow conduit is also 
provided that has a ?rst end siZed and con?gured to be posi 
tioned within the same or different blood vessel, whether 
primary or non-primary, through the vascular graft. The out 
?ow conduit is ?uidly coupled to the pump to conduct blood 
between the pump and the patient. The vascular graft may be 
connected to the blood vessel subcutaneously to permit appli 
cation of the extracardiac pumping system in a minimally 
invasive procedure. 
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IMPLANTABLE HEART ASSIST SYSTEM 
AND METHOD OF APPLYING SAME 

RELATED APPLICATIONS 

[0001] This application is a continuation of US. applica 
tion Ser. No. 11/417,905 ?led on May 3, 2006, now US. Pat. 
No. 7,614,997, Which is a continuation of US. application 
Ser. No. 11/121,352, ?led May 3, 2005, now US. Pat. No. 
7,458,929, Which is a continuation of US. application Ser. 
No. 10/289,467, ?led Nov. 6, 2002, now US. Pat. No. 6,889, 
082, Which is a continuation-in-part of US. application Ser. 
No. 10/171,023, ?led on Jun. 11, 2002, now US. Pat. No. 
6,685,621 , Which is a continuation-in-part of US. application 
Ser. No. 10/078,260, ?led on Feb. 15, 2002, now US. Pat. No. 
6,610,004, Which is a continuation-in-part of U. S. application 
Ser. No. 09/552,979, ?led onApr. 21, 2000, now US. Pat. No. 
6,390,969, Which is a continuation-in-part of US. application 
Ser. No. 09/470,841, ?led on Dec. 23, 1999, now US. Pat. 
No. 6,387,037, Which is a continuation-in-part of US. appli 
cation Ser. No. 09/289,231, ?led on Apr. 9, 1999, now US. 
Pat. No. 6,428,464, Which is continuation-in-part of US. 
application Ser. No. 09/166,005, ?led on Oct. 2, 1998, now 
US. Pat. No. 6,200,260, Which claims the bene?t of US. 
Provisional Application Ser. No. 60/061,434, ?led Oct. 9, 
1997, all of Which are hereby expressly incorporated by ref 
erence herein in their entirety. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to a system 
for assisting the heart and, in particular, to an extracardiac 
pumping system and a method for both supplementing the 
circulation of blood through the patient and for enhancing 
vascular blood mixing using a minimally invasive procedure. 

BACKGROUND OF THE INVENTION 

[0003] During the last decade, congestive heart failure 
(CHF) has burgeoned into the most important public health 
problem in cardiovascular medicine. As reported in Gilum, R. 
E, Epidemiology ofHeart Failure in the US, 126 Am. Heart 
J. 1042 (1 993), four hundred thousand (400,000) neW cases of 
CHF are diagnosed in the United States annually. The disor 
der is said to affect nearly 5 million people in this country and 
close to 20 million people WorldWide. The number of hospi 
taliZations for CHF has increased more than three fold in the 
last 15 years. Unfortunately, nearly 250,000 patients die of 
heart failure annually. According to the Framingham Heart 
Study, the 5-year mortality rate for patients With congestive 
heart failure Was 75 percent in men and 62 percent in Women 
(Ho, K. K. L.,Anderson, K. M., Kannel, W. B., et al., Survival 
After the Onset ofCongestive Heart Failure in Framingham 
Heart Study Subject, 88 Circulation 107 (1993)). This disor 
der represents the most common discharge diagnosis for 
patients over 65 years of age. Although the incidence of most 
cardiovascular disorders has decreased over the past 10 to 20 
years, the incidence and prevalence of congestive heart fail 
ure has increased at a dramatic rate. This number Will increase 
as patients Who Would normally die of an acute myocardial 
infarction (heart attack) survive, and as the population ages. 
[0004] CHF manifests itself primarily by exertional dysp 
nea (dif?cult or labored breathing) and fatigue. Three para 
digms are used to describe the causes and therapy of CHF. 
The ?rst vieWs this condition in terms of altered pump func 
tion and abnormal circulatory dynamics. Other models 
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describe it largely in terms of altered myocardial cellular 
performance or of altered gene expression in the cells of the 
atrophied heart. In its broadest sense, CHF can be de?ned as 
the inability of the heart to pump blood throughout the body 
at the rate needed to maintain adequate blood How, and many 
of the normal functions of the body. 
[0005] To address CHF, many types of cardiac assist 
devices have been developed. A cardiac or circulatory assist 
device is one that aids the failing heart by increasing its 
pumping function or by alloWing it a certain amount of rest to 
recover its pumping function. Because congestive heart fail 
ure may be chronic or acute, different categories of heart 
assist devices exist. Short of a heart transplant, at least tWo 
types of chronic heart assist systems have been developed. 
One type employs a full or partial prosthetic connected 
betWeen the heart and the aorta, one example of Which is 
commonly referred to as a LVADiLeft Ventricular Assist 
Device. With reference to FIG. 1 herein, one example of a 
LVAD 2 is shoWn. The LVAD comprises a pump and associ 
ated valves 4 that draWs blood directly from the apex of the 
left ventricle 6 and directs the blood to the aortic arch 8, 
bypassing the aortic valve. In this application, the left ven 
tricle stops functioning and does not contract or expand. The 
left ventricle becomes, in effect, an extension of the left 
atrium, With the LVAD 2 taking over for the left ventricle. The 
ventricle, thus, becomes a loW-pres sure chamber. Because the 
intent is to take over for the left ventricle, the LVAD operates 
by pumping blood at cardiac rates. With an LVAD, oxygen 
ated blood circulation is established su?icient to satisfy the 
demand of the patient’s organs. Under these circumstances, 
hoWever, continuous How may not be desired because the 
patient’s arterial system is deprived of pulsatile Wave ?oW, 
Which is bene?cial to certain parts of the patient. 
[0006] Another type of chronic heart assist system is shoWn 
in US. Pat. No. 5,267,940 to Moulder. Moulder describes a 
pump implanted into the proximal descending aorta to assist 
in the circulation of blood through the aorta. Because it is 
intended to pump blood ?oWing directly out of the heart, it is 
important that the Moulder device operate in a properly 
timed, pulsatile fashion. If it is not operated in direct synchro 
niZation With the patient’s heart, there is a risk that the pump 
might cause “carotid steal phenomenon” Where blood is 
draWn aWay from the patient’s brain through the carotid arter 
ies When there is insuf?cient blood in the left ventricle. 

[0007] In addressing acute CHF, tWo types of heart assist 
devices have been used. One is counterpulsatory in nature and 
is exempli?ed by an intra-aortic balloon pump (IABP). With 
an IABP, the balloon is collapsed during isovolumic contrac 
tion, providing a reduced pressure against Which the heart 
must pump blood, thereby reducing the load on the heart 
during systole. The balloon is then expanded, forcing blood 
omnidirectionally through the arterial system. Another 
example of this ?rst type employs one or more collapsible 
chambers in Which blood ?oWs passively into the chamber 
during systole, as is shoWn in US. Pat. No. 4,240,409 to 
Robinson et al. The chamber is then collapsed and the blood 
forcibly returned to the aorta. These devices simulate a cham 
ber of the heart and depend upon an in?atable bladder to 
effectuate pumping action, requiring an external pneumatic 
driver. Moreover, they do not operate as a continuous ?oW 
system, operating exclusively in pulsatile fashion. 
[0008] A second type of acute assist device utiliZes an 
extracorporeal pump, such as the Biomedicus centrifugal 
pump, to direct blood through the patient While surgery is 
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performed on the heart. In one example, described inU.S. Pat. 
No. 4,968,293 to Nelson, the heart assist system employs a 
centrifugal pump in Which the muscle of the patient is utilized 
to add pulsatility to the blood ?oW. The Nelson device is used 
to bypass a portion of the descending aorta. 
[0009] Another device, shoWn inU.S. Pat. No. 4,080,958 to 
Bregman et al., utilizes an in?atable and collapsible bladder 
to assist in blood perfusion during heart trauma and is 
intended to supplement a conventional heart-lung machine by 
imparting pulsatile actuation. In the primary embodiment 
disclosed in Bregman, the balloon is controlled to maintain 
suf?cient pressure at the aortic root during diastole to ensure 
suf?cient blood perfusion to the coronary arteries. In an alter 
native embodiment, a loW resistance outlet from the aorta to 
the inferior vena cava is provided to reduce the aortic pressure 
during systole, thus, reducing the hemodynamic load on the 
left ventricle. 
[0010] Other devices, such as that shoWn in Us. Pat. No. 
4,034,742 to Thoma, depend upon interaction and coordina 
tion With a mechanical pumping chamber containing a mov 
able pumping diaphragm. These devices are intended prima 
rily for application proximate the heart and Within the 
patient’s thorax, requiring major invasive surgery. 
[0011] Many CHF devices are acutely used in the periop 
erative period. For example, U.S. Pat. No. 4,995,857 to 
Arnold discloses a perioperative device to pump blood at 
essentially cardiac rates during surgery When the heart has 
failed or has been stopped to perform cardiac surgery. The 
Arnold system temporarily replaces the patient’s heart and 
lung and pumps blood at cardiac rates, typically 5 to 6 liters/ 
min. Like all systems that bypass the heart and the lungs, an 
oxygenator is required. Of course, With any system that 
includes an oxygenator, such as the conventional heart-lung 
machine, the patient cannot be ambulatory. 
[0012] With early IABP devices, a polyurethane balloon 
Was mounted on a vascular catheter, inserted into the femoral 
artery, and positioned in the descending aorta just distal to the 
left subclavian artery. The balloon catheter Was connected to 
a pump console that pumped helium or carbon dioxide into 
the balloon during diastole to in?ate it. During isovolumic 
contraction, i.e., during the brief time that the aortic valve is 
closed and the left ventricle continues to contract, the gas used 
to actuate the balloon Was rapidly WithdraWn to de?ate the 
balloon. This reduced the pressure at the aortic root When the 
aortic valve opened. In contrast, during diastole, the balloon 
Was in?ated, causing the diastolic pressure to rise and pushing 
the blood in the aorta distally toWards the loWer part of the 
body (on one side of the balloon) and proximally toWard the 
heart and into the coronary arteries (on the other). 
[0013] The major advantage in such a counterpulsation 
device Was systolic de?ation, Which loWered the intra-aortic 
volume and pressure, reducing both afterload and myocardial 
oxygen consumption. In other Words, When the balloon is 
in?ated, it creates an arti?cially higher pressure in the aorta, 
Which has the ancillary bene?t of greater perfusion through 
the coronary arteries. When the balloon de?ates, just before 
the aortic valve opens, the pressure and volume of the aorta 
decrease, relieving some of the hemodynamic burden on the 
heart. These physiologic responses improved the patient’s 
cardiac output and coronary circulation, temporarily improv 
ing hemodynamics. In general, counterpulsation With an 
IABP can augment cardiac output by about 15%, this being 
frequently suf?cient to stabilize the patient’s hemodynamic 
status, Which might otherWise rapidly deteriorate. When there 
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is evidence of more ef?cient pumping ability by the heart, and 
the patient has moved to an improved class of hemodynamic 
status, counterpulsation can be discontinued, by sloWly 
Weaning While monitoring for deterioration. 
[0014] Until 1979, all IABP catheters Were inserted via 
surgical cutdoWn, generally of the femoral artery. Since then, 
the development of a percutaneous IABP catheter has 
alloWed quicker, and perhaps safer, insertion and has resulted 
in more expeditious institution of therapy and expansion of 
clinical applications. In?ation and de?ation of the balloon, 
hoWever, requires a pneumatic pump that is suf?ciently large 
that it must be employed extracorporeally, thereby restricting 
the patient’s movements and ability to carry out normal, daily 
activities. IABP devices are, thus, limited to short term use, on 
the order of a feW days to a feW Weeks. 

[0015] As discussed above, a variety of ventricular assist 
pumping mechanisms have been designed. Typically associ 
ated With LVADs are valves that are used in the inlet and outlet 
conduits to insure unidirectional blood ?oW. Given the close 
proximity of the heart, unidirectional ?oW Was necessary to 
avoid inadvertent back?oW into the heart. The use of such 
valves also minimized the thrombogenic potential of the 
LVAD device. 
[0016] Typically, the pump associated With older LVADs 
Was a bulky pulsatile ?oW pump, of the pusher plate or dia 
phragm style, such as those manufactured by Baxter Novacor 
or TCI, respectively. Given that the pump Was implanted 
Within the chest and/or abdominal cavity, major invasive sur 
gery Was required. The pumps Were typically driven through 
a percutaneous driveline by a portable external console that 
monitors and reprograms functions. 
[0017] Alternatively, rotary pumps, such as centrifugal or 
axial pumps, have been used in heart assist systems. With 
centrifugal pumps, the blood enters and exits the pump prac 
tically in the same plane. An axial pump, in contrast, directs 
the blood along the axis of rotation of the rotor. Inspired by the 
Archimedes screW, one design of an axial pump has been 
miniaturized to about the size of a pencil eraser, although 
other designs are larger. Despite its small size, an axial pump 
may be suf?ciently poWerful to produce ?oWs that approach 
those used With older LVADs. Even With miniaturized pumps, 
hoWever, the pump is typically introduced into the left ven 
tricle through the aortic valve or through the apex of the heart, 
and its function must be controlled from a console outside the 
body through percutaneous lines. 
[0018] All of these heart assist systems referred to above 
serve one or both of tWo objectives: (1) to improve the per 
formance of a patient’s operative-but-diseased heart from the 
minimum, classi?ed as NYHAC Class IV, to practically nor 
mal, classi?ed as I or 0; or (2) to supplement oxygenated 
blood circulation through the patient to satisfy organ demand 
When the patient’s heart is suffering from CHF. With such 
systems, extreme pumping and large amounts of energy, vol 
ume, and heat dissipation are required. 
[0019] Many of these heart assist systems have several gen 
eral features in common: 1) the devices are cardiac in nature; 
i.e., they are placed directly Within or adjacent to the heart, or 
Within one of the primary vessels associated With the heart 
(aorta), and are often attached to the heart and/or aorta; 2) the 
devices attempt to reproduce pulsatile blood ?oW naturally 
found in the mammalian circulatory system and, therefore, 
require valves to prevent back?oW; 3) the devices are driven 
from external consoles, often triggered by the electrocardio 
gram of the patient; and 4) the size of the blood pump, includ 
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ing its associated connectors and accessories, is generally 
unmanageable Within the anatomy and physiology of the 
recipient. Due to having one or more of these features, the 
prior art heart assist devices are limited in their effectiveness 
and/ or practicality. 

[0020] Many of the above identi?ed prior art systems, gen 
erally referred to as Mechanical Circulatory Assist Devices, 
are not the only means, hoWever, used to treat patients With 
congestive heart failure (CHF). Most CHF patients are pre 
scribed as many as ?ve to seven different drugs to ameliorate 
their signs and symptoms. These drugs may include diuretics, 
angiotensin converting enzyme (ACE) inhibitors, beta-block 
ers, cardiac glycosides, and peripheral vasodilators. The 
rationale for pharmacological intervention in heart failure 
include minimizing the load on the heart, improving the 
pumping action of the heart by enhancing the contractility of 
the muscle ?bers, and suppression of harmful neurohormonal 
compensatory mechanisms that are activated because of the 
decreased pumping function of the heart. 
[0021] Noncompliance With What is often a complex drug 
regime may dramatically adversely affect the recovery of a 
CHF patient leading to the need for hospitaliZation and pos 
sibly morbidity and mortality. In addition, ACE inhibitors and 
diuretics can cause hypotension, Which leads to decreased 
organ perfusion or an increasing demand on the heart to pump 
more blood. This leads to an inability, in many cases, to 
prescribe the most effective dosage of ACE inhibitors and a 
less than optimum outcome for the patient. Patients suffering 
from CHF With the underlying cause of mitral valve insuf? 
ciency have been able to have their diuretics reduced folloW 
ing surgical repair of their mitral valve. This is due to an 
increased cardiac output and arterial pressures (as a result of 
the correction of the problem) resulting in more effective 
organ perfusion. With the reduction in the use of diuretics and 
the resultant hypotension, more effective dosages of ACE 
inhibitors can be used With more favorable outcomes. In 
addition, it is easier for the patient to folloW a less complex 
drug regime, eliminating the costly and life threatening risks 
associated With noncompliance. 
[0022] When blood ?oW through the coronary arteries falls 
beloW the level needed to provide the energy necessary to 
maintain myocardial function, due often to a blockage in the 
coronary arteries, a myocardial infarction or heart attack 
occurs. This is a result of the blockage in the coronary arteries 
preventing blood from delivering oxygen to tissues doWn 
stream of the blockage. The closer the blockage is to the 
coronary ostia, hoWever, the more severe and life threatening 
the myocardial infarction. The farther the location of the 
blockage is from the coronary ostia, the smaller the area of 
tissue or myocardium that is at risk. As the energy stored in 
the affected area decreases, myocardial cells begin to die. The 
larger the area that dies due to the loss of oxygen, the more 
devastating the infarction. To reduce the area at risk, at least 
tWo knoWn options are to either increase the oxygen supply to 
the affected area or decrease the energy demands of the heart 
to prolong energy stores until the blockage can be removed or 
reduced. One particular method to increase blood ?oW, 
thereby increasing delivery of oxygen to the affected area, is 
through a technique called retroperfusion. This is accom 
plished by passing a cannula into either the right or left 
ventricle (depending on the area of the blockage) and perfus 
ing oxygenated blood retrograde up the coronary artery on the 
doWnstream side of the blockage. Another method is to use 
drugs to increase the force of contraction of the myocardium, 
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creating increased blood ?oW across the blocked area. Yet 
another method is to use drugs, such as pentoxifylline, aspi 
rin, or TPA (tissue plasminogen activator), to reduce the vis 
cosity of (thin out) the blood, inhibit platelet aggregation, or 
lyse thrombi (clots), respectively, thus, alloWing more blood 
to pass by the blockage. The goal of all of these methods is to 
increase the delivery of oxygen to the tissue at risk. 

[0023] The alternative option mentioned above is to reduce 
the energy demands of the myocardium and increase the 
amount of time before irreversible damage occurs. This can 
be accomplished by reducing the Workload of the left ven 
tricle (Which is the largest energy-consuming portion of the 
heart). An IABP is placed into the aorta and used as described 
above, resulting in a decreased afterload on the heart and 
increased perfusion of the coronary arteries and peripheral 
organs. An alternative Way to reduce myocardial oxygen 
demand is to reduce the volume of blood the left ventricle 
must pump. This can be accomplished by reducing the load 
on the left ventricle, such as in a cardiopulmonary bypass or 
use of an LVAD. Unloading the left ventricle decreases the 
energy requirements of the myocardium and increases the 
amount of time before irreversible damage occurs. This pro 
vides an opportunity to more effectively remove or decrease 
the blockage and salvage myocardial function. To be success 
ful, each of these techniques must be implemented Within a 
short amount of time after the onset of a myocardial infarc 
tion. The disadvantage, hoWever, is that each of these tech 
niques can only be performed in an emergency room or hos 
pital setting. Unless the patient is already in the hospital When 
the myocardial infarction occurs, there is usually some level 
of irreversible damage and subsequent loss of myocardial 
function. 

[0024] There are yet other means of addressing and treating 
congestive heart failure and related valvular disorders that 
involve the application of shape change therapies. Those 
therapies including the use of one or more cardiac reshaping 
devices designed to squeeZe an enlarged heart, or at least an 
enlarged ventricle Within the heart, in an to attempt to restore 
the heart to its normal healthy siZe. Such therapy is also 
designed to maintain the ventricle and/ or heart at that normal 
siZe While the underlying problem is addressed. By doing so, 
the therapy results in controlling the physical strain placed on 
the myocardium caused by a Weakened heart and/ or a defec 
tive heart valve. Such devices are described, for example, in 
Us. Pat. No. 6,085,754 to Alferness et al., Which discloses a 
jacket of biolo gical compatible material intended to be placed 
over the apex of the heart. According to the ’754 patent, the 
heart assumes a maximum adjusted volume for the jacket to 
constrain circumferential expansion of the heart beyond the 
maximum adjusted volume during diastole and to permit 
unimpeded contraction of the heart during systole. Another 
example is described in Us. Pat. No. 6,224,540 to Lederman 
et al., Which discloses a passive girdle Wrapped around a heart 
muscle that has dilatation of a ventricle to conform to the siZe 
and shape of the heart and to constrain the dilatation during 
diastole. Other examples are shoWn in Us. Pat. No. 6,183, 
411 to Mortier et al., Which discloses alternative con?gura 
tions including bands, frames and socks and other apparatus 
formed to ?t around an ailing heart to reduce heart Wall stress, 
and in Us. Pat. Nos. 6,221,103 and 6,190,408, Which each 
disclose a device for restructuring heart chamber geometry. 
While there may be advantages to using such devices to treat 
congestive heart failure, there is the disadvantage that it is 
dif?cult to determine hoW far to squeeZe the ventricle and/or 
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heart to restore it to its normal size. Moreover, the heart Walls 
are already stressed and enlarged upon the application of such 
devices. A process of reducing the stress on the heart Walls 
and, thus, the siZe of the ventricles, prior to applying a restrict 
ing device to minimize enlargement during the healing pro 
cess Would be advantageous. 
[0025] It Would be advantageous, therefore, to employ a 
heart assist system that avoids major invasive surgery and also 
avoids the use of peripheral equipment that severely restricts 
a patient’s movement. It Would also be advantageous to have 
such a heart assist system that can be employed in a non 
hospital setting for ease of treating acute heart problems 
under emergency conditions. Yet another advantage Would be 
to employ a process of reducing the siZe of the ventricle 
and/ or the heart, and at the same time the load on the heart, 
prior to applying a cardiac reshaping device. 

SUMMARY OF THE INVENTION 

[0026] The object of the present invention is to address the 
aspect of CHF that results from altered pump function and 
abnormal circulatory dynamics While overcoming the limita 
tions of prior art heart assist systems. Without functioning as 
a bypass to one or more of a patient’s organs, the present 
invention comprises an extracardiac pumping system for 
supplementing the circulation of blood through the patient 
Without any component thereof being connected to the 
patient’s heart or primary vessels. Thus, it is extracardiac in 
nature. With the ability to be applied Within a minimally 
invasive procedure, the present invention signi?cantly 
improves the condition of the patient suffering from CHF, 
resulting in the patient feeling much better, even Where CHF 
continues. By supplementing the pumping action of the heart, 
in lieu of replacing it, the various embodiments of the present 
invention take advantage of the pulsatile action of the heart, 
despite its Weakened condition, to effectively deliver blood to 
body organs that bene?t from pulsatile delivery of oxygen 
ated blood. As a result, the present invention is capable of 
being operated in a continuous ?oW fashion or, if desired, in 
a pulsatile ?oW fashion. 
[0027] An ancillary but important bene?t of the present 
invention is the ability to apply the present invention in such 
a Way as to also reduce the pumping load on the heart and/or 
to reduce ventricular loading, thereby potentially permitting 
the heart to recover during use. With the present invention, no 
bulky pump, valves or oxygenator are required, and no tho 
racic invasion With major cardiac surgery is required. Indeed, 
a signi?cant advantage of the present invention is its simplic 
ity While achieving extraordinary results in improving the 
condition of a patient suffering from CHF. It is contemplated 
that the present invention be applied such that the heart expe 
riences a reduced pressure at the aortic root during systole 
(afterload) and/or a reduced left ventricular end diastolic 
pressure (pre-load), thus reducing the hemodynamic burden 
or Workload on the heart and, thus, permitting the heart to 
recover. The result is that the present systems and methods 
described herein have the bene?t of reducing ventricular 
loading. 
[0028] The extracardiac system of the present invention 
preferably comprises, in several embodiments, a rotary pump 
con?gured to pump blood through the patient at subcardiac 
rates; i.e., at a ?oW rate signi?cantly beloW that of the 
patient’s heart. Other types of pumps or ?oW generating 
mechanisms may be effective as Well, including but not lim 
ited to rotating means, e. g., an Archimedes screW or impeller 
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housed Within an open or closed housing, either of Which may 
be cable driven or shaft driven. Pumping the blood tends to 
revitaliZe the blood to a certain extent by imparting kinetic 
and potential energy to the blood discharged from the pump. 
Importantly, the preferred pump for the present invention 
pumping system is one that requires a relatively loW amount 
of energy input, When compared to prior art pumps designed 
to pump at cardiac rates. The pump may be implanted corpo 
really or more speci?cally intravascularly, or it may be posi 
tioned extracorporeally, depending upon the capability, prac 
ticality, or need of the patient to be ambulatory. 
[0029] The present invention also comprises, in several 
embodiments, an in?oW conduit ?uidly coupled to the pump, 
to direct blood to the pump from a ?rst bloodvessel, either the 
aorta or a ?rst peripheral or non-primary vessel, either 
directly or indirectly through another blood vessel, Wherein 
insertion of the pump and/or in?oW conduit is through a 
non-primary blood vessel. The invention further comprises an 
out?oW conduit ?uidly coupled to the pump, to direct blood 
from the pump to a second blood vessel, either the aorta or a 
second peripheral or non-primary blood vessel, Whether 
directly to the second vessel or indirectly through the ?rst or 
other peripheral or non-primary blood vessel. The connection 
and/or coupling of the in?oW and out?oW conduits to the 
respective blood vessels is performed subcutaneously; not so 
deep as to involve major invasive surgery. In other Words, 
minimally subdermal. This permits application of the con 
nections in a minimally-invasive procedure. Preferably, the 
connections to the blood vessels are just beloW the skin or just 
beloW the ?rst layer of muscle, depending upon the blood 
vessels at issue or the location of the connection, although 
slightly deeper penetrations may be necessary for some 
patients or for some applications. 

[0030] In one embodiment, the present invention is con?g 
ured so that it may be applied at a single cannulated site and 
comprises, for example, a multi-lumen catheter having at 
least one lumen as an in?oW lumen and a second lumen as an 
outlet lumen. The multi-lumen catheter has an in?oW port in 
?uid communication With the in?oW lumen. With this 
embodiment, blood may be draWn into the in?oW port of the 
?rst lumen from a ?rst peripheral or non-primary blood vessel 
site, either the blood vessel into Which the multi-lumen cath 
eter is inserted or a different blood vessel. The output of the 
pump directs blood through a second (outlet) port at the distal 
end of the second lumen that may be located in a second 
peripheral or non-primary vessel site. This method accom 
plishes the same bene?cial results achieved in the previously 
described embodiments, but requires only a single cannulated 
site, rather than tWo such sites. It should be appreciated that 
the multi-lumen catheter could be used in a manner Where the 
out?oW of the cannula is directed to the ?rst vessel, While the 
in?oW is draWn from the second vessel. Further still, it should 
be appreciated that in one application the in?oW lumen could 
be positioned to draW blood from a peripheral or non-primary 
vessel at the site of entry into the patient While the out?oW 
could be positioned in the aorta, proximate an arterial branch. 

[0031] The pump of the present invention may be a con 
tinuous ?oW pump, a pulsatile pump, and/or a hybrid pump 
that is con?gured to generate ?oW in both a continuous and 
pulsatile format. The pump may be implantable and is used to 
?uidly connect tWo blood vessels, such as the femoral artery 
at the in?oW and the left axillary artery at the out?oW, 
although other peripheral or non-primary arterial and venous 
blood vessels are contemplated, as Well as any singular and/or 






















